Purpose: The aim of this paper is to identify mechanisms for using a quantitiative benchmarking 6 approach to drive sustainability improvements in the food supply chain. 7 Design/approach/methodology: A literature review was undertaken and then a strategic and 8 operational framework developed for improving food supply chain sustainability in terms of 9 triple bottom line (TBL) criteria. 10 Findings: Using a sustainability indicator scoring (SIS) approach, the paper considers the 11 architecture for analysis so that strategic goals can be clearly formulated and cascade into 12 specific, relevant and timebound strategic and operational measures that underpin brand value 13 and product integrity. 14 Value: This paper is of value to academics and also practitioners in the food industry.
Sustainability has been defined in many ways, but can be described as offering, the potential for 19 reducing long-term risks associated with resource depletion, fluctuations in energy costs, 20 product liabilities, and pollution and waste management (Shrivastava, 1995) . Another widely 21 accepted definition of sustainability is development that meets the needs of the present without 22 compromising the ability of future generations to meet their own needs. This was derived from 23 the Brundtland Commission statement in Our Common Future (World Commission on 24 Environment and Development 1987) . Sustainability has also been postulated as the capacity of 25 a system to maintain output at a level approximately equal to or greater than its historical 26 average, with the approximation determined by the historical level of variability (Lynam and 27 Herdt, 1989) . Sustainability represents neither a fixed set of practices or technologies, nor a 28 model to describe or impose on the world (Pretty, 1994) . Sustainability should therefore first be 29 determined at the highest system level and then proceeds downwards; in the understanding that 30 the sustainability of a system is not necessarily dependent on the sustainability of all its sub-31 systems (Lynam and Herdt, 1989) . Translating this argument to the supply chain level suggests 32 that overall supply chain sustainability is not dependent on every sub-system within that food 33 supply chain being autonomously and individually sustainable. Therefore, supply chain 34 sustainability reflects the sum of the whole i.e. the capacity of the system rather than all 35 activities having mitigated long-term sustainability risk. 36 Sustainable agriculture should take into account social, environmental and quality of life 37 dimensions (Thompson and Nardone 1999). The "mosaic approach" considers sustainable 38 development as three distinct elements: society (people and welfare conditions), ecology (planet 39 through promoting good environmental practice) and economy (profit through system viability 40 and competitiveness) see the work of Helms (2004) . Therefore, the sustainable development of 41 food supply chains means balancing food demand and calorific and nutritional supply whilst people/social) in order to promote human health, product and business longevity otherwise 44 described as the triple bottom line (TBL) by Elkington (1998) and others. Therefore within the 45 current market environment, sustainable products are seen as those products that can accrue 46 value through each stage in the supply chain by product or process differentiation that drives 47 marketing and brand development (Manning, 2015) . 48 2. Sustainable products 49 Sustainable products can be said to generate greater positive or instead lower negative social, 50 environmental and economic impact along the value supply chain than conventional products 51 leading to an active differentiation (Borregaard and Dufey, 2005) . This differentiation between 52 commodity and niche products is influenced by the degree of capital investment in developing 53 extrinsic product quality attributes. Product social capital in this case is the trust-based resources 54 associated with a food product that multiply in social networks leading to co-operation among 55 individuals, and collaboration between institutions and community organisations (Muthuri et al. 56 2006). The challenge for food supply chains and individual businesses within them is to 57 demonstrate quantitatively the value of such social capital for an extended network of 58 stakeholders including governments, non-governmental organisations (NGOs), shareholders and 59 the general public themselves. As a business driver, it could be argued, maintaining shareholder 60 value is as powerful a force as the requirement for organisations to supply food to the ultimate 61 consumer that is safe, affordable and legally compliant (Manning, 2015) . Thus some 62 sustainability indicators and frameworks may be developed primarily in order to mitigate 63 shareholder risk. 64 Along with the notion of sustainability and sustainable products comes the approach of defining waste, using emissions or outputs from one process as inputs into another, or offsetting 70 emissions by sequestration. However, many business activities in themselves cannot be defined 71 as sustainable, because they rely upon resources that are both mutually exclusive and finite 72 which creates a hurdle for such resources to be available for future generations. In this context, 73 the aim of this paper is to develop a benchmarking approach that drives sustainability in the 74 food supply chain at a strategic level through the use of a structured sustainability indicator 75 scoring (SIS) framework. 76 3. Benchmarking mechanisms for sustainability assessment 77 Giving consideration to the primary, or pre-farm gate, stage of production, Halberg et al. (2005) 78 argued for operational benchmarking that focused on identifying best practice, understanding 79 the reasons for differences between farms and then setting goals that improve operational 80 practice. The UK Policy Commission Report on the Future of Farming and Food (Curry, 2002) , 81 as did Ronan and Cleary (2000) , highlighted benchmarking at an operational level as a 82 mechanism for identifying how a business is operating compared to others in the same sector. 83 Ronan and Cleary (2000) suggested that comparative farm business analysis was based on 84 aggregate measures of whole farm physical and financial performance, such as yield, efficiency, 85 gross margins and farm profit and that this was a different process to activity-based or enterprise 86 benchmarking. They determined that the challenges for implementing benchmarking in the 87 agricultural sector included: professional and industry accreditation of sound benchmarking 88 systems; ensuring appropriate context for farmers' use of benchmarking vis-a-vis 89 complementary to production economic and other financial analyses; achieving greater 90 consistency between different industry systems; lifting participation by farmers in sound 91 industry programmes; and evaluating the impact of benchmarking programmes on their ability 92 to actually improve farm business performance. These factors also influence how to benchmark 93 effectively at secondary and tertiary supply chain levels too. There are a number of reasons for 94 the lack of mechanisms to measure performance across supply chains (Table 1) . These include 95 Page 4 of 37 British Food Journal   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table 2) . Tables 1 and 2 102 Anderson and McAdam (2004) distinguished between the concepts of "lead" and "lag" 103 benchmarking i.e. "lag" indicators which are based on finance orientated historical 104 measurements and "lead" indicators which instigate the management of real-time change 105 (Manning et al. 2007) . They further assert that benchmarking has traditionally occurred at the 106 output stage, based on the measurement of lag benchmarks of organisational performance. 107 However, if benchmarking occurs at the input, and/or process stage, these lead benchmarks of 108 performance can be proactive, preventive and drive business strategy within the production 109 cycle. Tangen (2005) differentiated between two types of performance measures, firstly system 110 requirements: criteria which support strategy and the selection of both financial and non-111 financial performance (i.e. what to do, where the level of compliance can be measured) and 112 secondly measure requirements: criteria which are specific to individual performance measures, 113 (i.e. what is achieved). Therefore the key to effective benchmarking is to determine whether the 114 process will be undertaken at a strategic management level to address an overall supply chain 115 target e.g. reducing waste as a proportion of the product sold at retail level or undertaken at a 116 specific business or at a sub-business activity/enterprise level (Manning et al. 2007) . A series of 117 operational objectives can therefore be designed to work at single levels in the supply chain that 118 through a mutually concerted process deliver the overarching strategic objective. Metrics that 119 are used to determine sustainability (in its wider sense of people, planet and profit) can only be 120 F o r R e v i e w O n l y 6 developed after this strategic: operational interface has been considered and decisions made as 121 to the underpinning objectives of the benchmarking approach. Joung et al. (2013) defined an 122 indicator as a measure or an aggregation of measures from which conclusions on the 123 phenomenon of interest can be inferred. Further, they argued that "standard indicators will 124 provide a dependable and repeatable means for manufacturers when they evaluate their level of 125 sustainability and allow comparisons between products, processes, companies, sectors, or 126 countries" (Joung et al. 2013:150) . Indicators can be powerful tools for making important 127 dimensions of the environment and society visible and enabling their management (Dahl, 2012) . 128 Indicators allow for ranking and in some instances the establishment of competitive league 129 tables and the ability to name, fame or shame and if applied over time can show trends and the 130 direction of travel (Moldan et al. 2012) . Metrics or indicators then are one type of sustainability 131 assessment tools and techniques that can track progress over time, identify problems for 132 performance improvement (Tan et al. 2015) . Sustainability indicators can be presented in a 133 structured framework that isolates and reports on relevant indicators or alternatively such 134 indicators can be aggregated towards a composite index, score or rating . 135 ) citing Ness et al. (2007 differentiated between three types of sustainability 136 measurement tools: 137 1) Product-related assessment tools that focus on material and/or energy flow of a 138 product or service with the aim of identifying risks and inefficiencies e.g. the use of life 139 cycle assessment (LCA) 140 2) Integrated assessment tools with the aim of policy or project implementation through 141 the use of conceptual modelling, multi-criteria analysis, risk and uncertainty analysis, or 142 cost-benefit analysis. Indicators can be characterised according to their attributes and also by the criteria in which they 148 can be evaluated. Dong et al. (2015) considered how sustainability frameworks can assist in the 149 selection of indicators when constructing an index, and suggested that a dynamic and objective 150 process of indicator selection for both frameworks and composite indices should be developed. The purpose of indicators is to simplify real life complex measurements or simulations by 153 models (Girardin et al. 1999) . The use of indicators to assess sustainability in primary 154 production has been proposed (Hansen 1996; Bockstaller et al. 1997; Rigby et al. 2001) Morse (2003) differentiated between developing an absolute target for compliance and a target 162 that is implemented that defines the direction of travel and thus drives continuous improvement. 163 In the agricultural context, a sustainability target could be an indicator of best practice e.g. an 164 absolute level of pollutant such as nitrate levels per litre of fresh water or a series of 165 "milestones" designating a need for movement as improvements are achieved e.g. climate 166 change levy (CCL) milestones. These criteria may be defined by legislation therefore 167 compliance is mandatory or private market standards whereby compliance affords market entry 168 or maintenance of position within a market or designated supply chain. Therefore, a 169 sustainability target may be developed to deliver a short-term or a long-term goal. This 170 Page 7 of 37 British Food Journal directed at the supply chain in its entirety rather than just primary production with pre-farm gate 179 sustainability indicators and desired outcomes ( (Table 5 ). 220 Take in Table 5 221 Page 9 of 37 British Food Journal These sustainability indicators include both qualitative and quantitative metrics and the source 222 highlights the use of indexes that contain multiple metrics rather than a single value e.g. the 223 Environmental Sustainability Index (ESI), and as has been described ecological footprinting. 224 Searcy and Elkhawas (2012) (Table 6 ) and sustainability indices (Table 7) have been synthesized from the literature.
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Take in Tables 6 and 7 242 Tan et al. (2015:133) argue that whilst many indicator frameworks are available they are "either 243 too complicated to be adopted by smaller companies or too high level for practical usage". 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table 8 ). Table 8 266 Turi et al. (2014) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 essence, when the indicators are chosen, and the outputs that they drive and/or their 274 appropriateness for the operational or strategic goal identified, then policy makers or in this case 275 individual business operators can utilise this approach to drive effective decision making 276 improved business performance.
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Take in Table 9 278 Performance measures/metrics must be implemented within a framework starting with a policy 279 maker's or organisation's mission statement and associated policies as the start for developing 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 9 to develop twelve TBL indicators with two scores being determined to 319 reflect the baseline situation (Peano et al. 2015 would define this time-frame as T0) and the 320 potential score that could be derived if appropriate actions are implemented at a point of time Thus the SIS combined score for a given indicator will be between 0 and 36. When the 351 benchmarking assessments are completed for all indicators then, a total SIS score is calculated. 352 The weighted format therefore provides an SIS scale that can range between 0 and 462 and the 353 overall status for the organization or product can be characterised as follows: 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (MarketWatch, 2015) . Therefore a tool such as the one described in this 392 paper is of value to organisations as a template to develop and adopt for supply chain risk 393 assessment in order to mitigate brand risk and underpin brand protection. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 needs to be given great consideration in order to ensure that the activity provides information 403 that is of value and can underpin both strategic objectives and operational activity. 404 Assurance of food security at a global, regional and local level requires the integrated 405 engagement of supply chain actors at all stage of food production, distribution and information 406 exchange. Therefore, a sustainable supply chain is one that has inbuilt longevity and thus action 407 has been taken to limit vulnerability. In order to drive a quantitative approach to driving 408 improved sustainability performance an assessment of the architecture of performance analysis 409 needs to be developed. Ultimately, strategic TBL sustainability goals need to be clearly 410 formulated and these need to cascade into specific, relevant and timebound strategic and 411 operational measures that underpin brand value and product integrity. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Most common form of benchmarking. Process of comparing between competitors of a particular product or business function and could include product specification, distribution or sales service. This is very often in the form of a "league table" style approach. Advantage: Potential mutual benefit of sharing of information. Disadvantage: Confidentiality constraints may limit the free-flow of information and the outcomes of the exercise.
Bendell et al.
Functional benchmarking (operational)
Comparison of similar functions within the same broad industry or sector, i.e. non-competitive organisations that carry out the same functional activities e.g. warehousing, administration or procurement. Advantage: Open comparison and mutual sharing of information so there are no issues with confidentiality. Disadvantage: Practices may need adapting to suit specific industries.
Generic benchmarking Comparison of business processes or functions that are similar regardless of the industry. Advantage: Can develop innovative ideas. Disadvantage: Practices identified may be novel and thus challenging to implement.
Ideas benchmarking Ideas benchmarking is about sharing information that in turn will drive continuous improvement in organisational processes.
(Mayle et al. 2002 cited by Northcott and Llewellyn, 2005) Indicator benchmarking
Indicator benchmarking requires organisations to compare performance against a range of measurable indicators.
Internal benchmarking
Process of comparing internal operations within the same organisation. Advantage: Easy to gain data. Disadvantage: Limited by organisation's structure and does not necessarily define industry best practice.
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Desired outcome Comment Financial and physical capital indicators
Gross value added (GVA) per person.
An agriculture sector focused on consumers' needs through the market.
Deteriorated since 1990 -2007 ratio of UK GVA to EU14 stands at 1.32.
Total liabilities as a percentage of total assets.
A resilient agricultural sector that is able to withstand and/or recover quickly from sudden or acute shocks.
Total liabilities have remained at a relatively low level. Been on a declining trend as increases in asset value (with the rise in land prices) had more than offset rise in liabilities. Total factor productivity (TFP) of the food chain beyond the farm gate.
Efficient and productive business across the food chain.
Since 1998 food chain productivity has fallen behind rest of economy. Between 1998 and 2006 annual average growth rate in food chain was 0.11% compared to 0.43% in wider economy.
Human capital indicators
Innovative working practices.
Investment in training. Development and uptake of knowledge and innovation.
Skills and training pre-farm gate, food and drink manufacturing and processing.
Natural capital indicators
Water abstraction for agriculture. Water resources used efficiently. Environmental risks and pressures from abstraction reduced.
Agricultural uses accounted for 0.5% of recorded water abstraction in England and Wales in 2006.
Regionally varied between 0.1% in NW and Wales and 2.1% in Anglian region When all forms of irrigation are eventually licensed, the total volume will increase. River Water Quality: nitrate and phosphate levels in rivers. Biodiversity of food producing systems maintained and enhanced.
Of the 110 species in the indicator, the number that were assessed as either 'stable' or 'increasing' has risen from 52 to 59, a 13% increase overall. In 2008, 37 species still declining, including 3 species recorded as lost from the UK as a whole since the BAP was published in 1994. The population of farmland birds in England from 1970.
Reverse the long term decline in farmland bird populations.
In 2007 index for all farmland species stood at 49. Farmland specialist -continued slow decline since 1970. Farmland generalist -little change since 1970. Changes in plant diversity in fields and hedges on agricultural land in England.
To conserve and restore productive land by reversing the decline of plant diversity in fields and field margins.
Arable and Horticultural land -some improvement since 1990. Other fields and field marginslittle improvement since 1990. Change in effective population size for native breeds of sheep and cattle at greatest risk of loss of genetic diversity.
Genetic diversity of animals used for food production sufficient to provide resilience.
Clear improvement since 2001.
Agricultures contribution to ammonia emissions from agriculture.
Reduced ammonia emissions from agriculture.
Since 1990 ammonia emissions from agriculture have fallen by 20% due, largely, to the contraction in the pig herd and a reduction in direct soil emissions. There was little change in the level of ammonia emissions between 2005 and 2006. Number and percentage of cattle tested for TB that are slaughtered.
Incidence of bovine tuberculosis (TB) reduced.
The number of cattle slaughtered in 2008 rose by nearly 12,000 to a figure of approximately 39,000. This is equivalent to a 42% increase on 2007 figures.
Social capital indicators
Trends in cases of illness due to foodborne pathogens.
Incidence of food borne disease in decline. Incidence of food contamination in decline. An increasing amount of food can be traced to its source.
The poultry and dairy sectors have highest proportion of assured production at 95%. Pig sector at 92% in 2007. The demand for meat and meat products should not be at the expense of animal health and welfare. Skills and training pre-farm gate, food and drink manufacturing and processing.
Natural capital indicators
Primary energy use in the UK food chain. A trend of continuing reduction in the energy use in the UK food chain measured in terms of million tonnes oil equivalent. A trend within declining total use, toward an increased proportion of use of renewable energy. Reduce greenhouse gas (GHG) emissions associated with food from UK households.
Primary energy use in the UK food chain: no assessment, indicator under development.
Energy use in domestic food sectors: food transport; food, drink and tobacco, manufacturing; agriculture.
A trend of continuing reduction in the energy use in the domestic food chain measured in terms of tonnes oil equivalent. A trend within declining total use, toward an increased proportion of use of renewable energy.
Indicator provisional and under development.
Water usage post farm gate. Increased efficiency of direct water use in food processing. Under development some data available. Waste reduction across the food chain.
Food and drink manufacturing waste. Insufficient data at present but indicators could be: Waste generated per household per week. Consumer attitudes to household waste. UK urban food transport (proxy for urban road congestion). HGV transport of food for UK consumption (proxy for infrastructure costs).
Reduced external impacts of food transport.
Overall indicator for urban food transport is up by 7% in 2006, and is now 31% higher than in 1992. Increase in urban food transport since 2004 due to more frequent and longer shopping trips by car. HGV food kilometres declined by 3% in 2006. Overseas HGV food kilometres cover 40% of all HGV kilometres. Percentage of UK fish stocks harvested sustainably and at full reproductive capacity, 1990 to 2007. Wild fish stocks are managed and harvested in a sustainable way.
During 1990s percentage of UK fish stocks considered to be harvested sustainably and at full reproductive capacity was around 10%; it was 5% in 2000, but has increased to 25% in 2007. Despite these increases, between 70 to 75% of UK fish stocks have either reduced reproductive capacity or have been fished unsustainably each year since 2001. Proportion of large fish by weight in the northern North Sea Wild fish stocks are managed and harvested in a sustainable way.
Little or no change since 1990.
Increasing food production sustainably: fish imports.
Under development.
Increasing food production sustainably: sustainable fish consumption.
Increasing food production sustainably: global fish stock.
Under development
Social capital indicators
Level of cattle trade restrictions against the UK on animal health grounds.
UK animal health is of a high standard and the UK enjoys good export relations to other countries.
In 1995 UK beef and live cattle exports £720 million in 2006 after BSE restrictions and then lifting of ban £104 million. Consumers have access to an affordable, health and varied diet. Accessibility and affordability: Relative price of fruit and vegetables.
Clear improvement since 1990 ( other indicators include low income households' share of spending on food, food prices in real terms, household access to food stores, purchasing behaviour in at risk groups (under development). 
Examples of Sustainability Frameworks Source Triple Bottom Line (TBL) Sustainability Frameworks
TBL framework that represents social, environmental and economic pillars of sustainability Dong et al. (2015) ; Elkington (1998) Global Reporting Initiative (GRI) -TBL framework -84 indicators across 3 pillars. Dong et al. (2015) Das and Das (2014) 
Independent Frameworks
Competing Values Framework, and the Approach, Deployment, Results, and Improvement (ADRI) assessment matrix. Dong et al. (2015) 747 748
Page 32 of 37 British Food Journal   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46 47 48 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46 47 48 761 1-72 = Very low sustainability (VLS) i.e. the combined score shows a need for urgent improvements; actions need to be taken and reassessed after improvement measures 762 have been implemented to determine efficacy; 763 73-144 = Low sustainability (LS)-the score shows a need for evaluation to determine areas for improvements and the prioritisation for action is high priority. Action needs 764 to be taken and then they should be re-assessed after improvements have been implemented to determine efficacy; 765 145-216 = Fair sustainability (FS) the score shows improvements are required with medium priority Action needs to be taken and then they should be re-assessed after 766 improvements have been implemented to determine efficacy; 767 217-288 = Average sustainability (AS) the score shows a need for evaluation to determine areas for improvements but this is of low priority. Action needs to be taken and 768 then they should be re-assessed after improvements have been implemented to determine efficacy; 769 289-360 = Good sustainability (GS) -the score shows this area is under control but continuous improvement can still be made to achieve excellent status 770 361-432 = Excellent sustainability (ES) where an organisation can demonstrate sustainability goals are being achieved and documented plans and policies and an associated 771 monitoring and verification system ensure there are formal systems in place to underpin maintaining this level of efficiency.
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